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Technology, Pasadena 

\OME years ago1 I suggested that steady electric s currents originating in the Earth‘s core might just 
be detectable at the surface of the Earth. Such leakage 
currents, if measurable, would convey important informa- 
tion about the distribution and intensity of those causing 
the main geomagnetic field. 

The existence of such currents is inherent in theories 
which ascribe the field to a self-exciting dynamo process. 
Elsaeaerz pointed out the importance for geomagnetism 
of the reciprocity between the magnetic and electrio 
vectors in electromagnetic theory. The magnetic field 
H is expressible in the form of a vector potential A by 
the equation : 

Because the gradient of any scalar function can be added 
to A, it is possible to express A in terms of two scalar 
functions + E  and J I M .  In dealing with magnetic fields in 
a spherical R ~ P U  or ~p=Ee,rg, +& k daie by Conning from 
these scalars a vector along the radial direction and one at 
right angles to it, that is: 

H = curl A 

A = 3.E $- r h v + M  

This separation has physical significance, for the magnetic 
fields corresponding to the two terms, d e d  the magnetic 
and electric modes, are generated in different ways. The 
electric mode, HE,  is given by: 

HE = CWl r $ E  = - rhV+E 
and consequently consists of lines of forces wrapped round 
spherical surfaces. The current, JE (in E.M.u.), giving 
rise to such a field is : 

tl 
dr ~ X J E  = C u r l z  4~ = V ( -  r $ E )  - rVZ$E 

and therefore has radial components. 

radial components. 

HM = curb , ,V+M = - curl* rtj, = - V (- r+M) + rVz+M 

Bullarda has shown that a sphere rotating inside a 
conducting spherical shell in a magnetic mode field gener- 
ates an electric mode field, and he gave reasons for suppos- 
ing this to occur in the Earth’s core, as its angular velocity 

On the other hand. thp magnetic mode field H,u hm 
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Fig. 2. Suva-Auckland cable (hourly averages) 

varies with radius. I have shown' that an electromotive 
force on the core-mantle boundary generates an electric 
mode field. In general one can say that in a spherically 
symmetrical body, it is difficult to see why current should 
flow solely around the Earth's axis as is necessary to 
generate the dipole field, as Schuster4 first pointed out 
when he was searching for a cause of geomagnetism. Con- 
sequently strong electric mode fields arc an essential 
assumption in the theory of the Earth's magnetic field, 
and a direct proof of their existence is most desirable. 

I argued quantitatively' for a mantle of uniform conduc- 
tivity, and Roberts and Lowesj proved, mor0 generally, 
that, assuming the electrical conductivity to fall off mono- 
tonically with radius, the electric current lcaking to the 
surface from the electric modo in the core is probably 
measurable. The potential gradient is of the order of 
0.1-1 mV/km throughout the mantle. 
The deht ion  of steady Earth currents over distances 

of the order of 1 km is not possible, as the contact poten- 
tials betbeen the electrodes and the Earth cannot be 
oontrolled to the necessary mcuracy. The chance of 
csfiying through this experiment successfully has there- 
fore had to await the opportunity recently presented by 
the abandonment of the telegraph cables in the PacSc. 

Fig. 1 shows the aables whiah have been used in pre- 
liminarv exmrimenta oarried out last sprinz bv the 

supposed that the contact potentials a t  each end of the 
cable are constant and nearly equal. By measuring the 
current between one end of the main cable and the sea 
earth it is possible to measure the potential difference 
between the Pacific at either end. 

It was expected that the geomagnetic daily vwiation 
would induce in the ocean a fluctuating electromotive 
force containing periods of 24 h, 12 h, etc. (for the part 
of the daily variation depending on the lunar day is only 
one-twentieth of that depending on the solar day). 
Inspection of the fifst results, however, showed a dominant 
component of a period of half the lunar day (12 h 25 min). 
It must be concluded therefore that the mocional induction 
resulting from the oceanic tides outweighs the induction 
due to the geomagnetic daily variation. 

A n  order of magnitude argument supports this inter- 
pretation. The height of the equilibrium oceanic tide 
is about 1 ft. The vertical component of the tidal velocity 
is therefore about 10-8 cmlsec. The horizontal velocity 
components are larger by the mtio of the wave-length of 
the tide divided by the depth of the oaean (of the order of 
lW). The horizontal veloaity (v)  is 10 am/m,and the 
electric field generated is VZ (where Z is the vertiaal aom- 
ponent of the geomagnetic field) or V/cm. This 
value, 1 mV/km, is of the order of that observed. 

The eleotromotive forae induced bv the l ~ n e r  oaeanic 
court& of bable and Wireless, La., Loxidog &d the tide will, of course, be a pure sine wave with a period 
Overse& Teleoommunications Commission of Australia, half the lunar day TL (24h  60 min). That indu& by 
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be expressed by the relations, where A and a are the 
amplitude and phase of the tidal induced effect: 

V,(t) = A sin 2x(2t /T~ + a )  + f(t) + D ,  
V, ( t )  = A sin 2x[2(t  + Ts)/TL + a]  + f ( t  + Ts) + D,  
The method of analysis therefore consisted in subtract- 

ing the values at the same hour from the records for two 
adjacent days. 

VI - V 2  = -2A sin 2xTslT~ cos 2 x ( 2 t / T ~  + a + Ts/TL) + D ,  - D2 

In averages of such differences taken over a number 
of lunar days the disturbances will tend to be eliminated. 

Fig. 2 shows the measurements of earth currents made 
on the Suva-Auckland cable during May 16-1 9 and Fig. 3 
on the Sydney-Auckland cable during May 16-19. The 
results plotted are the averages over each hour. The 
differences between the rcsults for adjacent days are 
determined as described here and the average differences 
over the days are shown by full lines in Figs. 4 and 5 
(Suva-Auckland and Sydney-Auckland cables respec- 
tively). To these c~~rves  is fitted a sinusoidal wave of 
period TL/2 ,  shown by dotted lines in Figs. 4 and 5. The 
amplitude of this wave is divided by 2 sin Z~TSITL  to 
give A .  Hence the 
currents due to the lunar oceanic tide can be compared 
with the observed readings. Thesc are shown each day 
by the thin lines on Figs. 2 and 3. It is clear that, at 
lcbast on magnetically quiet days, the main ciu'rents 
arise from the ocean tides. 

I t  will be seen that the current induced directly by 
t,he quiet-day daily variation is less evident. As the tidal 
effects are exactly sinusoidal the mean potential differ- 
ences for many days should be a good measure of the 

Thus : 

Its phase enables a to be found. 

~- 

steady electric currents flowing. On the limited amount 
of material so far available i t  appears that they are no 
more than 0.1 mV/km. 

The extension of these observations which will bc 
shortly undertaken should provide an interesting study of 
the tides in the middle of the ocean. It will be seen from 
the figures that there is a phase relation between the 
Earth currents and the tidal heights. Were the tides 
standing waves, the velocities would be zero at  high and 
low tides. But, as the latter occur whnn the potential 
differences are numerically greatest, the tidcs in this area 
are progressive waves. These not widely suspected 
motional induction effects in the oceans may mako apprc- 
ciable contribution to the geomagnetic variations observed 
on the continents. 
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